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[57] ABSTRACT 

A dark current sensing device provided in an electro 
developing type camera With an electro-developing record 
ing medium, to sense a resistance of an electrostatic infor 
mation recording medium provided in an electro-developing 
recording medium. A dark current sensing resistor is con 
nected to the electrostatic information recording medium in 
series, and a capacitor is connected to the dark current 
sensing resistor in parallel. A voltage sensing unit is con 
nected to the dark current sensing resistor and the capacitor 
in parallel to sense a voltage generated in the dark current 
sensing resistor. The product of the resistant value of the 
resistor and the capacity of the capacitor is approximately 
equal to the product of the resistant value and the capacity 
of the electrostatic information recording medium. 

6 Claims, 8 Drawing Sheets 
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FIG. 5 
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FIG. 9A 
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FIG. 9B 
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DARK CURRENT SENSING DEVICE AND 
RECORDING OPERATION CONTROL 

DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a camera using a record 

ing medium in Which an object image obtained through a 
photographing optical system is electronically developed, 
and more particularly, to a device for determining an electric 
voltage applied to the recording medium. 

2. Description of the Related Art 
Conventionally, as disclosed in Japanese Unexamined 

Patent Publication No. 5-2280 and US. Pat. No. 5,424,156, 
there is knoWn a photographic material Which is directly 
electronically developed so that the developed visible image 
can be immediately obtained. In this speci?cation, such a 
recording medium is referred to as an electro-developing 
recording medium, and an electronic still camera using the 
electro-developing recording medium is referred to as an 
electro-developing type camera. 

Japanese Unexamined Patent Publication Nos. 5-165005, 
6-130347 and 7-13132 disclose an electro-developing 
recording medium Which comprises a liquid crystal display 
having a memory-type liquid crystal so that an image 
indicated on the liquid crystal display is kept, even if the 
electric ?eld applied to the liquid crystal display is removed. 
’347 and ’132 disclose an electro-developing recording 
medium in Which the electrostatic information recording 
medium and the electric charge storage medium are com 
bined to form one body. Namely, in these electro-developing 
recording mediums, even if an electric voltage applied 
thereto is removed, the image formed on the electro 
developing recording medium is kept. 

For recording a clear image on the electro-developing 
recording medium, the applied electric voltage and the 
voltage application period on the recording medium are 
important components (see Japanese Unexamined Patent 
Publication No. 6-313872). These components depend upon 
the characteristics, i.e., the resistances and the electrostatic 
capacities of an electric charge storage medium and an 
electrostatic information recording medium Which are pro 
vided in the electro-developing recording medium. 
Especially, the resistance of the electrostatic information 
recording medium is greatly affected by the environment 
such as temperature around the electro-developing recording 
medium. Namely, by detecting the resistance before the 
recording operation, the applied electric voltage and the 
voltage application period on the electro-developing record 
ing medium can be properly controlled. 

For detecting the resistance of the electrostatic informa 
tion recording medium, it is necessary that an electric 
voltage is applied thereto While the electrostatic information 
recording medium is shut from ambient daylight, and a dark 
current, i.e., an electric current ?oWing therein is sensed. 
HoWever, since the electrostatic information recording 
medium has an electrostatic capacitance due to the structure 
thereof, and is equivalent to an electric circuit in Which a 
resistor and a capacitance are connected in parallel, a 
relatively long time is needed before the electric condition of 
the electrostatic information recording medium becomes 
stable so that the dark current can be sensed. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to provide 
a dark current sensing device by Which the resistance of the 
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2 
electrostatic information recording medium can be detected 
Within a short time, so that the recording operation of the 
electro-developing recording medium can be started as soon 
as the electro-developing recording medium is set in the 
camera, and to provide a recording operation control device 
including the dark current sensing device. 

According to the present invention, there is provided a 
dark current sensing device mounted in an electro 
developing type camera using an electro-developing record 
ing medium in Which a visible image corresponding to an 
image formed on an electrostatic information recording 
medium is electronically developed by an electric charge 
storage medium, the electrostatic information recording 
medium having a ?rst time constant in an electric voltage 
change thereof, the dark current sensing device comprising 
a dark current sensing resistor, a capacitor, and an electric 
voltage sensing processor. 

The dark current sensing resistor is connected in series to 
the electrostatic information recording medium. The dark 
current sensing resistor has a second time constant in an 
electric voltage change thereof. The capacitor is connected 
in parallel to the dark current sensing resistor. The electric 
voltage sensing processor senses an electric voltage gener 
ated in the dark current sensing resistor. The resistance value 
of the dark current sensing resistor and the capacity of the 
capacitor are determined in such a manner that the second 
time constant is substantially equal to the ?rst time constant. 

Further, according to the present invention, there is pro 
vided a recording operation control device provided in an 
electro-developing type camera using an electro-developing 
recording medium in Which a visible image corresponding to 
an image formed on an electrostatic information recording 
medium is electronically developed by an electric charge 
storage medium, the electrostatic information recording 
medium having a ?rst time constant in an electric voltage 
change thereof, the recording operation control device com 
prising a dark current sensing resistor, a capacitor, an electric 
voltage sensing processor, a dark current sensing processor, 
and a voltage control processor. 
The dark current sensing resistor is connected in series to 

the electrostatic information recording medium. The dark 
current sensing resistor has a second time constant in an 
electric voltage change thereof. The capacitor is connected 
in parallel to the dark current sensing resistor. The electric 
voltage sensing processor senses an electric voltage gener 
ated in the dark current sensing resistor. The dark current 
sensing processor senses a dark current ?oWing in the 
electrostatic information recording medium, based on an 
electric voltage generated in the dark current sensing resis 
tor. The voltage control processor controls the value of an 
electric voltage applied to the electro-developing recording 
medium When the visible image is electronically developed 
by the electric charge storage medium. The resistance value 
of the dark current sensing resistor and the capacity of the 
capacitor are determined in such a manner that the second 
time constant is substantially equal to the ?rst time constant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and advantages of the present invention Will 
be better understood from the folloWing description, With 
reference to the accompanying draWings in Which: 

FIG. 1 is an external vieW shoWing an electro-developing 
type camera to Which an embodiment of the present inven 
tion is applied; 

FIG. 2 is a block diagram of the electro-developing type 
camera shoWn in FIG. 1; 
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FIG. 3 is a sectional vieW showing a ?rst example of a 
structure of an electro-developing recording medium; 

FIG. 4 is a sectional vieW shoWing a second example of 
a structure of the electro-developing recording medium; 

FIG. 5 is a sectional vieW shoWing a third example of a 
structure of the electro-developing recording medium; 

FIG. 6 is a diagram shoWing a relationship betWeen the 
electro-developing recording medium and a dark current 
sensing circuit; 

FIG. 7 is a diagram shoWing a circuit of the electro 
developing recording medium and the dark current sensing 
circuit; 

FIG. 8 is a graph shoWing a time change of an electric 
voltage generated in the dark current sensing resistor; 

FIGS. 9A and 9B are How charts of a program for 
performing a recording operation by Which an image is 
recorded on the electro-developing recording medium; and 

FIG. 10 is a diagram shoWing a relationship among a dark 
current, an applied voltage, and a voltage application period. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is an external vieW of an electro-developing type 
camera to Which an embodiment according to the present 
invention is applied. 
When vieWing a camera body 11 from the front side, a 

photographing optical system 12 including a photographing 
lens system and so on is provided approximately at the 
center portion of the front surface of the camera body 11, and 
an electronic ?ash 13 is disposed thereon to the right of and 
above the photographing optical system 12. Arelease sWitch 
14 is provided on the side opposite to the electronic ?ash 13. 

On the upper surface of the camera body 11, a vieW ?nder 
15 is provided at the center portion thereof and is extended 
from the front to the rear end of the camera body 11. Amode 
select sWitch 16 is provided on the upper surface and beside 
the vieW ?nder 15. An output terminal 17 is provided on a 
loWer portion of a side surface of the camera body 11, so that 
an image signal obtained by this camera can be outputted to 
an external recording device (not shoWn). 

FIG. 2 is a block diagram of the electro-developing type 
camera, in Which a system control circuit 20 including a 
microcomputer is mounted to control the electro-developing 
type camera as a Whole. 

The photographing optical system 12 has a plurality of 
lens groups and an aperture 12a. An electro-developing 
recording medium 30 is disposed behind the photographing 
optical system 12. A quick return mirror 21 is placed 
betWeen the photographing optical system 12 and the 
electro-developing recording medium 30. A shutter 22 is 
provided betWeen the quick return mirror 21 and the electro 
developing recording medium 30. A focusing glass 23a 
included in a vieW ?nder optical system 23 is disposed above 
the quick return mirror 21. 

The aperture 12a, the quick return mirror 21, and the 
shutter 22 are driven by an iris drive circuit 24, a mirror 
drive circuit 25, and a shutter drive circuit 26, respectively, 
Which are controlled by an exposure control circuit 27. 

The exposure control circuit 27 is operated in accordance 
With a command signal outputted by the system control 
circuit 20. Namely, When an exposure is controlled, the 
degree of opening of the aperture 12a is adjusted by the iris 
drive circuit 24 under control of the exposure control circuit 
27 based on an output signal of a photometry sensor 28. 
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4 
The quick return mirror 21 is usually set to a doWn 

position (an inclining position shoWn by the solid line in the 
draWing), so that a light beam passing through the photo 
graphing optical system 12 is directed to the vieW-?nder 
optical system 23 to form an object image on the focusing 
glass 23a, and thus an object to be photographed can be 
observed by the photographer through the ?nder optical 
system (not shoWn). When a photographing operation is 
carried out, the quick return mirror 21 is rotated upWards by 
the mirror drive circuit 25 and set to an up position (a 
horiZontal position shoWn by the broken line in the 
draWing), so that the light beam is directed to the electro 
developing recording medium 30. 
The shutter 22 is usually closed, but upon a photographing 

operation, the shutter 22 is opened for a predetermined 
period by the shutter drive circuit 26 under the control of the 
exposure control circuit 27, and thus, the light beam passing 
through the photographing optical system 12 enters a light 
receiving surface of the electro-developing recording 
medium 30, thus forming a tWo-dimensional image thereon. 
An electric voltage (i.e., a recording medium activating 

signal) is applied to the electro-developing recording 
medium 30 under the control of a recording medium drive 
circuit 41. By exposing the electro-developing recording 
medium 30 While applying the voltage, an image formed by 
the photographing optical system 12 is developed on the 
electro-developing recording medium 30 as a visible image. 
Note that the recording medium drive circuit 41 is operated 
in accordance With a command signal outputted by the 
system control circuit 20. 
Ascanning mechanism 50 is provided close to the electro 

developing recording medium 30. A light source 42, a 
scanner optical system 43, and a line sensor 44 are supported 
by the scanning mechanism 50, and are moved along the 
electro-developing recording medium 30 by a scanning 
operation of the scanning mechanism 50. 
The light source 42 has a plurality of LED (photodiodes), 

and can be moved along a front surface of the shutter 22 or 
the front surface of the electro-developing recording 
medium 30. The line sensor 44 may be a one-dimensional 
CCD sensor of 2000 pixels, for example. The line sensor 44 
may be of suitable length to completely cover and extend 
over one horiZontal scanning line of the image formed on the 
electro-developing recording medium 30. The line sensor 44 
serves as a photoelectric-conversion device, Which converts 
an optical image to an electric signal. The line sensor 44 can 
be moved along the rear surface of the electro-developing 
recording medium 30, together With the light source 42. The 
scanner optical system 43 is disposed betWeen the light 
source 42 and the line sensor 44. When a scanning operation 
is carried out by the scanning mechanism 50, the scanner 
optical system 43 is positioned betWeen the electro 
developing recording medium 30 and the line sensor 44, so 
that the image developed by the electro-developing record 
ing medium 30 is illuminated by the light source 42 and 
formed on the light receiving surface of the line sensor 44, 
through an operation of the scanner optical system 43. 
ON and OFF control of the light source 42 is performed 

by a light source drive circuit 45. Control of the reading 
operation of pixel signals generated in the line sensor 44 is 
carried out by a line sensor drive circuit 47. Control of the 
movement of the scanning mechanism 50 is performed by a 
scanner drive circuit 46. The circuits 45, 46, and 47 are 
controlled by the system control circuit 20. 

Pixel signals read out from the line sensor 44 are ampli 
?ed by an ampli?er 61, and converted to a digital signal by 



5,907,73 1 
5 

an A/D converter 62. The digital pixel signals are subjected 
to a shading correction, a gamma correction, and so on by an 
image processing circuit 63 under the control of the system 
control circuit 20, and then temporarily stored in a memory 
64. The memory 64 includes an EEPROM in Which correc 
tion data for the shading correction are stored. Note that the 
memory 64 may have a storage capacity equal to one 
horiZontal scanning line outputted from the line sensor 44, 
or may have a storage capacity of one frame’s Worth pixel 
signals. 

The pixel signals read from the memory 64 are inputted 
to an interface circuit 65 through the image processing 
circuit 63, so that the pixel signals are subjected to a 
predetermined process, such as a format conversion, and can 
then be outputted to an external computer (not shoWn) 
through the output terminal 17. The pixel signals outputted 
from the image process circuit 63 are subjected to a prede 
termined process such as an image compression and a 
format conversion in a recording device control circuit 66, 
so that the pixel signals can be recorded on a recording 
medium such as an IC memory card, for example, in an 
image recording device 67. The interface circuit 65 and the 
recording device control circuit 66 are operated in accor 
dance With a command signal outputted from the system 
control circuit 20. 

An operation unit 70 including the release sWitch 14 and 
the mode select sWitch 16 is connected to the system control 
circuit 20. A photography operation (i.e., a recording 
operation) and a reading operation are performed by oper 
ating the release sWitch 14 and the mode select sWitch 16. A 
display device 68 is connected to the system control circuit 
20 to indicate various setting conditions of the electro 
developing type camera. Further, an electric ?ash drive 
circuit 69 is connected to the system control circuit 20 to 
control the ?ash operation of the electronic ?ash 13. 
When a reading of an image from the electro-developing 

recording medium 30 is not performed, the scanning mecha 
nism 50 is in a position offset from a path betWeen the 
photographing optical system 12 and the electro-developing 
recording medium 30; this position being beloW the electro 
developing recording medium 30, for example. When an 
image recorded on the electro-developing recording medium 
30 is read, a scan drive motor included in the scanner drive 
circuit 46 is rotated, and thus the scanning mechanism 50 is 
moved upWard so that a scan of the line sensor 44 is carried 
out, and the line sensor 44 is moved in a direction perpen 
dicular to the longitudinal direction of the line sensor 44. 

A dark current sensing circuit 49 is provided for deter 
mining the applied electric voltage and the voltage applica 
tion period on the electro-developing recording medium 30 
in a recording operation. Namely, When the recording opera 
tion is started, a dark current generated in the electro 
developing recording medium 20 is detected by the dark 
current sensing circuit 49 While the shutter 22 is closed, the 
resistant value of the electro-developing recording medium 
30 is sensed based on the dark current. Based on the resistant 
value, the optimum applied voltage and the optimum appli 
cation period for recording an image on the electro 
developing recording medium 30 are determined. Determi 
nation of the applied voltage and the voltage application 
period is carried out under the control of the system control 
circuit 20. 

FIG. 3 shoWs a ?rst example of a structure of the 
electro-developing recording medium 30, and is the same as 
that shoWn in Japanese Unexamined Patent Publication No. 
5-2280. 
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6 
The electro-developing recording medium 30 has an 

electrostatic information recording medium 31 and an elec 
tric charge storage medium 32, and an electric voltage is 
applied thereto by an electric poWer source 33. The elec 
trostatic information recording medium 31 is formed by 
laminating a glass base plate 34, an electrode layer 35, an 
inorganic oxide material layer 36 and a photoconducting 
layer 37, and the photoconducting layer 37 is formed by 
laminating an electric charge generating layer 37a and an 
electric charge transferring layer 37b. The electric charge 
storage medium 32 is formed by con?ning liquid crystal 40, 
Which is a smectic liquid crystal, betWeen a liquid crystal 
supporting plate 38 and a liquid crystal electrode layer 39. 
The electric charge transferring layer 37b of the photocon 
ducting layer 37 and the liquid crystal supporting plate 38 of 
the electric charge storage medium 32 face each other With 
a small gap G therebetWeen. 

An ON-OFF condition of the electric poWer source 33 is 
controlled by the recording medium drive circuit 41 (see 
FIG. 2). When the electric poWer source 33 is turned on, an 
electric voltage is applied betWeen the electrode layer 35 and 
the liquid crystal electrode layer 39, i.e., betWeen the elec 
trostatic information recording medium 31 and the electric 
charge storage medium 32. When the electrostatic informa 
tion recording medium 31 is exposed While the electric 
voltage is applied, an electric charge is generated in the 
electrostatic information recording medium 31 in accor 
dance With an image formed thereon. Since the intensity of 
the electric ?eld applied to the liquid crystal 40 is changed 
in accordance With the electric charge, the image is indicated 
on the liquid crystal 40 as a visible image, and thus, an image 
of an object is developed. Namely, the visible image is 
generated in accordance With the electric charge. 
The electric charge storage medium 32 is a liquid crystal 

display having a memory-type liquid crystal such as a 
smectic liquid crystal, and thus, the developed visible image 
is kept therein even if the electric ?eld is removed. In the 
liquid crystal, the developed visible image can be deleted by 
heating the liquid crystal, using a heating device (not shoWn) 
at a predetermined temperature. In such a case, the same 
electric charge storage medium 32 can be used repeatedly. 

FIG. 4 shoWs a second example of a structure of the 
electro-developing recording medium 30, and is the same as 
that shoWn in Japanese Unexamined Patent Publication No. 
5-165005. 
The electrostatic information recording medium 31 is 

formed by laminating the base plate 34, the electrode layer 
35 and the photoconducting layer 37. The photoconducting 
layer 37 is formed by laminating the electric charge gener 
ating layer 37a and the electric charge transferring layer 37b. 
The electric charge storage medium 32 is a liquid crystal 
display having a memory-type liquid crystal such as a 
smectic liquid crystal, and faces the photoconducting layer 
37 With a small gap G therebetWeen. An electrode layer 81 
and a base plate 82 are laminated on a surface of the electric 
charge storage medium 32, Which surface is opposite to the 
electrostatic information recording medium 31. The other 
structures are the same as those shoWn in FIG. 3. 

FIG. 5 shoWs a third example of a structure of the 
electro-developing recording medium 30, and is the same as 
that shoWn in Japanese Unexamined Patent Publication Nos. 
6-130347 and 7-13132. 

This electro-developing recording medium 30 is of a 
uni-body type. In the electro-developing recording medium 
30, an insulating layer 83 is provided betWeen the electric 
charge transferring layer 37b of the electrostatic information 



5,907,73 1 
7 

recording medium 31 and the electric charge storage 
medium 32 Which is a liquid crystal display having a 
memory-type liquid crystal such as a smectic liquid crystal, 
and an electrode layer 81 is laminated on a surface of the 
electric charge storage medium 32 Which surface is opposite 
to the electrostatic information recording medium 31. The 
other structures are the same as those shoWn in FIG. 4. 
Namely, no gap is formed betWeen the electrostatic infor 
mation recording medium 31 and the electric charge storage 
medium 32. 

The electro-developing recording mediums 30 shoWn in 
FIGS. 3 through 5 can be used in the still video camera 
having an electric circuit shoWn in FIG. 1. The folloWing 
description assumes that the still video camera is provided 
With the electro-developing recording medium 30 shoWn in 
FIG. 3. 

FIG. 6 is a diagram shoWing a circuit in Which the dark 
current sensing circuit 49 is connected to the electro 
developing recording medium 30 shoWn in FIG. 3. 

The dark current sensing circuit 49 has a poWer source 
49a, a sWitch 49b, a dark current sensing resistor 49c, a 
capacitor 49d, and a voltage detecting unit 496. The sWitch 
49b is connected betWeen the electrode layer 35 and the 
positive electrode of the poWer source 49a in series. One end 
of the dark current sensing resistor 49c is connected to an 
electrode 37c attached on the electric charge transferring 
layer 37b, and the other end of the dark current sensing 
resistor 49c is connected to the negative electrode of the 
poWer source 49a. Namely, the dark current sensing resistor 
49c is provided in series betWeen the electric charge trans 
ferring layer 37b and the poWer source 49a. The capacitor 
49a' is connected in parallel to the dark current sensing 
resistor 49c. The voltage detecting unit 496 detects a voltage 
generated in the dark current sensing circuit 49c, and is 
connected in parallel to the dark current sensing resistor 49c 
and the capacitor 49d. While the sWitch 49b is closed, an 
electric voltage is applied to the electrostatic information 
recording medium 31, the dark current sensing circuit 49c, 
and the capacitor 49d through the poWer source 49a. At this 
time, the voltage generated in the dark current sensing 
circuit 49c is detected by the voltage detecting unit 496. 
Based on the voltage, the dark current ?oWing in the 
electrostatic information recording medium 31 is sensed, so 
that the resistant value of the electrostatic information 
recording medium 31 is obtained. 

For sensing the steady voltage generated in the dark 
current sensing circuit 49c Within a short time, the resistance 
of the dark current sensing circuit 49c and the capacity of the 
capacitor 49d are determined so that a voltage settling time 
When sensing the voltage can be sWiftly reached. With 
reference to FIGS. 7 and 8, the determinations of the 
resistance and the capacity are described beloW. FIG. 7 
shoWs an equivalent circuit of the electrostatic information 
recording medium 31 and the dark current sensing circuit 49, 
and the electrostatic information recording medium 31 being 
equivalent to a circuit in Which a resistor 31a is connected 
to a capacitor 31b in parallel. FIG. 8 shoWs a time change of 
the voltage V generated in the portion betWeen both ends of 
the dark current sensing resistor 49c. 

Suppose that the capacitor 49d is not provided in the dark 
current sensing circuit 49. If the sWitch 49b is closed from 
the open state While light is shut out from the electrostatic 
information recording medium 31, i.e., the shutter 22 is 
closed, a step-shaped voltage is applied to the electrostatic 
information recording medium 31 and the dark current 
sensing circuit 49. Therefore, in the initial stage of the 
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voltage application, the impedance of the capacitor 31b is 
small, and thus, a current ?oWs mainly in the capacitor 31b. 
Therefore, there is little voltage drop in the electrostatic 
information recording medium 31, and thus, a voltage E 
having approximately the same value as that of the poWer 
source 49a is generated in the dark current sensing resistor 
49c. Since the capacitor 31b is charged as time elapses, the 
electric current begins to How in the resistor 31a, and the 
electric current value is loWered. Namely, the voltage gen 
erated in the dark current sensing resistor 49c is loWered (see 
the chain double-dashed line K1 in FIG. 8), and ?nally, a 
voltage divided by the resistors 31b and 49c is generated in 
the resistor 49c. 

Conversely, if the capacitor 49d is provided in the dark 
current sensing circuit 49, immediately after the sWitch 49b 
is closed, since the voltage E of the poWer source 49a is 
divided by the capacitors 31b and 49d, the voltage V 
generated in the dark current sensing resistor 49c is 

V=(Cs/(Cs+C))><E(t=O+) (1) 

Wherein Cs is the electrostatic capacity of the capacitor 31b, 
and C is the electrostatic capacity of the capacitor 49d. When 
a signi?cantly long time elapses after the sWitch 49b is 
closed, the voltage E is divided by the resistors 31a and 49c. 
Accordingly, the voltage V generated in the dark current 
sensing resistor 49c is 

V=(R/(Rs+R))xE (t=w) (2) 

Wherein Rs is the resistance value of the resistor 31b, and R 
is the resistance value of the resistor 49c. 

For setting the time constant of voltage change of the dark 
current sensing resistor 49c to substantially 0, the voltage at 
time t=0+needs to be equal to the voltage at time t=OO. 
Namely, by setting the formula (1) equal to the formula (2), 
the folloWing can be said: 

(CS/(CS+C))=(R/(RS+R)) .'.CSXRS=CXR (3) 

The right side of the formula (3) shoWs a ?rst time constant 
Which is determined in accordance With the dark current 
sensing resistor 49c and the capacitor 49d. The left side of 
the formula (3) is a second time constant of the electrostatic 
information recording medium 31. 

Namely, When the capacitor 49d Which makes the ?rst and 
second time constants have the same values is connected to 
the dark current sensing resistor 49c in parallel, the time 
taken to settle the voltage of the dark current sensing resistor 
49c after closing the sWitch 49b, i.e., the time by Which the 
resistance of the electrostatic information recording medium 
31 can be sensed, is minimiZed. Note that, in FIG. 8, 
references K2, K3, and K4 indicate the cases of R><C=Rs>< 
Cs—|6|, R><C=Rs><Cs, and R><C=Rs><Cs+|6|, respectively. 
Namely, even if there is an error 6 betWeen R><C and Rs><Cs, 
the voltage generated in the dark current sensing resistor 49c 
becomes constant at time Ts. 

FIGS. 9A and 9B are How charts of a recording operation 
(i.e., a photographing operation) in Which an image is 
recorded on the electro-developing recording medium 30. 
When it is sensed in Step 101 that the release sWitch 14 

has been depressed, sWitch 49c of the dark current sensing 
circuit 49 is closed in Step 102, so that the dark current 
sensing circuit 49 is turned ON. In Step 103, it is determined 
Whether a predetermined time Tm has elapsed since sWitch 
49c has been closed. This predetermined time Tm is longer 
than the time constant Ts (see FIG. 8) of the dark current 
sensing circuit 49. After the predetermined time Tm has 
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elapsed, the process goes to Step 104, in Which the dark 
current value Id ?owing in the electrostatic information 
recording medium 31 is sensed based on the voltage gen 
erated in the dark current sensing resistor 49c. In Step 105 
sWitch 49b is opened so that the dark current sensing circuit 
49 is turned OFF. 

In Step 106, data of an optimum applied voltage Vap and 
an optimum application period Tap are read from a table 
stored in a memory included in the system control circuit 20, 
based on the dark current value Id. An example of the table 
is shoWn in FIG. 10, in Which the applied voltage Vap and 
the application period Tap are set With regard to some range 
of the dark current values Id. The applied voltage Vap and 
application period Tap have values such that an image 
having the highest contrast can be obtained, and are set 
according to an experiment, for example. In Step 107, the 
applied voltage Vap and the application period Tap read in 
Step 106 are set to a memory included in the recording 
medium drive circuit 41. 

In step 108, an output signal from the photometry sensor 
28, i.e., a photometry value, is sensed. Then, in Step 109, an 
exposure calculation is initiated based on the photometry 
value. When the completion of the exposure calculation is 
con?rmed in Step 110, the recording operation is performed 
in Step 111 and the remaining Steps in accordance With the 
calculation result. 

In Step 111, the degree of opening of the aperture 12a is 
adjusted from the fully open state to a predetermined degree 
of opening, and the quick return mirror 21 is changed from 
the doWn position to the up position. Upon con?rmation in 
Step 112 that the quick return mirror 21 has been changed to 
the up position and the adjustment of degree of opening the 
aperture 12a has been completed, the shutter 22 is opened in 
Step 113. Then, the value of the timer is reset to 0 in Step 
114, and the timer is started in Step 115. 

Arecording medium activating signal is outputted in Step 
116, so that the electric voltage Vap read in Step 106 is 
applied to the electro-developing recording medium 30. 
When the exposure time, obtained based on the exposure 
calculation, has elapsed and it is con?rmed in Step 117 that 
the exposure has been completed, the shutter 22 is closed in 
Step 118. With the completion of the closing operation of the 
shutter 22, Step 119 is executed so that a rotation of the 
mirror 21 to the doWn position is started and a return to a 
fully open state of the aperture 12a is started. When it is 
con?rmed in Step 120 that the application period Tap read 
in Step 106 has elapsed, the output of the recording medium 
activating signal is stopped in Step 121. 

Thus, the recording medium activating signal is continu 
ously outputted at least While the shutter 22 is open, and 
during this period, a predetermined voltage is applied to the 
electro-developing recording medium 30. By exposing the 
electro-developing recording medium 30 under this 
condition, the object image is developed on the electro 
developing recording medium 30 as a visible image, Which 
is held on the electro-developing recording medium 30 even 
after the output of the recording medium activating signal is 
stopped. 
When it is con?rmed in Step 122 that the mirror 21 and 

the aperture 12a have returned to the initial conditions 
thereof, respectively, the operations of the mirror 21 and the 
aperture 12a are stopped in Step 123, and thus, this record 
ing operation ends. 
As described above, according to the embodiment, since 

the resistance of the electrostatic information recording 
medium 31 can be sensed approximately at the same time 
When the sWitch 49b of the dark current sensing circuit 49 
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10 
is closed, the applied voltage and the application period, by 
Which an image having a high contrast is obtained, can be 
quickly set. Therefore, a recording operation can be started 
immediately after the electro-developing recording medium 
30 is set in the camera. 

Note that the electro-developing recording medium 30 is 
not restricted to the constructions shoWn in FIGS. 3 through 
5, but can be any medium in Which an image is developed 
electronically. 

Although the embodiments of the present invention have 
been described herein With reference to the accompanying 
draWings, obviously many modi?cations and changes may 
be made by those skilled in this art Without departing from 
the scope of the invention. 
The present disclosure relates to subject matter contained 

in Japanese Patent Application No. 8-60134 (?led on Feb. 
22, 1996) and No. 8-209167 (?led on Jul. 19, 1996) Which 
are expressly incorporated herein, by reference, in their 
entirety. 

I claim: 
1. A dark current sensing device provided in an electro 

developing type camera using an electro-developing record 
ing medium in Which a visible image corresponding to an 
image formed on an electrostatic information recording 
medium is electronically developed by an electric charge 
storage medium, said electrostatic information recording 
medium having a ?rst time constant in an electric voltage 
change thereof, said dark current sensing device comprising: 

a dark current sensing resistor connected in series to said 
electrostatic information recording medium; 

a capacitor connected in parallel to said dark current 
sensing resistor, a circuit comprising said dark current 
sensing resistor and said capacitor having a second time 
constant in an electric voltage change thereof; and 

an electric voltage sensing processor that senses an elec 
tric voltage generated in said dark current sensing 
resistor; 

a resistance value of said dark current sensing resistor and 
a capacity of said capacitor being determined in such a 
manner that said second time constant is substantially 
equal to said ?rst time constant. 

2. A dark current sensing device according to claim 1, 
further comprising a poWer source that applies an electric 
voltage to each of said dark current sensing resistor and said 
capacitor, and a sWitch that turns ON and OFF said electric 
voltage application of said poWer source. 

3. A dark current sensing device according to claim 1, 
further comprising a light beam shutting processor for that 
shuts a light beam entering said electrostatic information 
recording medium. 

4. A dark current sensing device according to claim 1, 
Wherein said electrostatic information recording medium is 
equivalent to a circuit having an equivalent resistor and an 
equivalent capacitor, a product of said resistance value of 
said dark current sensing resistor and said capacity of said 
capacitor being substantially equal to a product of a resis 
tance value of said equivalent resistor and a capacity of said 
equivalent capacitor. 

5. A recording operation control device provided in an 
electro-developing type camera using an electro-developing 
recording medium in Which a visible image corresponding to 
an image formed on an electrostatic information recording 
medium is electronically developed by an electric charge 
storage medium, said electrostatic information recording 
medium having a ?rst time constant in an electric voltage 
change thereof, said recording operation control device 
comprising: 
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a dark current sensing resistance device connected in 
series to said electrostatic information recording 
medium; 

a capacitance device connected in parallel to said dark 
current sensing resistance device, a circuit comprising 
said dark current sensing resistance device and said 
capacitance device having a second time constant in an 
electric voltage change thereof; 

an electric voltage sensing processor for sensing an elec 
tric voltage generated in said dark current sensing 
resistor device; 

a dark current sensing processor that senses a dark current 
flowing in said electrostatic information recording 
medium, based on an electric voltage generated in said 
dark current sensing resistance device; 

10 

12 
a voltage control processor that controls a value of an 

electric voltage applied to said electro-developing 
recording medium When said visible image is electroni 
cally developed by said electric charge storage 
medium; and 

a resistance value of said dark current sensing resistance 
device and a capacity of said capacitance device being 
determined in such a manner that said second time 
constant is substantially equal to said ?rst time con 
stant. 

6. Arecording operation control device according to claim 
5, Wherein said voltage control processor controls a time for 
Which an electric voltage is applied to said electro 
developing recording medium. 


